•ORIGINAL RESEARCH ARTICLE• Background: Presence of attention deficit hyperactivity disorder (ADHD) has a negative effect on the resolution of incontinence; however, there are few studies which investigated the risk factors of nocturnal enuresis (NE) in patients with ADHD. Aims: This study was conducted to investigate the prevalence of NE and its risk factors in children with ADHD. Methods: 331 children, aged 6 to 10 years, diagnosed as having ADHD were enrolled in this study. The diagnosis of ADHD was confirmed by an experienced child and adolescent psychiatrist according to DSM-IV-TR. NE was defined as nighttime wetting with or without daytime incontinence, at least twice a week over a period of 3 months or longer in children 5 years old and older without anatomical abnormalities. Details on demographic data, perinatal history, medical history and developmental history were collected from parents or medical records. Results: Most of the ADHD patients with inattentional subtype (77.5%) had NE, compared to 31.7% in the hyperactive/Impulsive subtype and 22.5% in the combined subtype (p<0.001, t=42.71). Among children with enuresis, there were significantly higher rates of history of familial enuresis (26% vs. 18 %, p<0.001, t=16.9), cesarean delivery (47% vs. 33%, p=0.019, t=5.84) and history of neonatal sepsis (16% vs. 7%, p=0.018, t=5.62) than non-NE children. Moreover, patients with NE had lower birth weight than non-NE patients (2.93(0.65) vs. 3.09 (0.46), p=0.026, t=2.51). Also, low parental education was associated with increase in the rate of NE. Conclusion: Children with ADHD have a high prevalence of NE. Male sex, low education level of parents, history of neonatal sepsis, positive family history of NE, low birth weight and caesarian delivery may be risk factors for NE in ADHD children. Most ADHD patients with inattentional subtype had NE.
Introduction
Attention deficit hyperactivity disorder (ADHD) is a common neurobehavioral disorder in children, which is manifested by impulsive, hyperactive, and inattentive behaviors. [1] The worldwide prevalence of ADHD in children is about 5%, with no significant difference among different geographic regions. [2] It is reported that 50 % of children with ADHD suffer from psychiatric comorbidities that often continue into adulthood. [3, 4] Children with ADHD commonly experience sleep problems such as resistance towards going to bed and night awakenings. [5, 6] These problems are usually
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originated from non-biological causes, but can also be the result of undiagnosed biological sleep problems such as restless leg syndrome (RLS), sleep disordered breathing (SDB) or nocturnal enuresis (NE), [7] which are associated with poorer daily functioning. [6] NE is defined as urinary incontinence during sleep in children older than 5 years after excluding organic causes. [8] The prevalence of NE in patients with ADHD has been estimated to be 28-32%. [9, 10] The association between NE and ADHD has been investigated in several previous studies.
[ [11] [12] [13] [14] [15] [16] The etiology of NE has been demonstrated to be associated with neurological maturation. Previous studies have reported that children with NE had a higher incidence of delayed language and gross motor development. [17] [18] [19] [20] [21] It was shown that the presence of ADHD had a negative effect on the resolution of incontinence and treatment of urinary incontinence in children with ADHD compared to those without ADHD. [22] Although, different studies demonstrated the role of neonatal sepsis, [23] head injury, [24] low birth weight, [25] prematurity and gestational age [25, 26] as risk factors for ADHD, there are few studies which investigated the risk factors of NE in patients with ADHD. This study was conducted to investigate the prevalence of NE and its risk factors in children with ADHD.
Methods

Participants
This study was approved by the Research Council and Ethical Committee of the Kermanshah University of Medical Science and carried out between September 2014 and August 2015. Written informed consent was obtained from all participants' parents. During the study period, we consecutively enrolled 344 children, aged 6 to 10 years, diagnosed as having ADHD as well as children with confirmed ADHD who presented for the follow-up in the Psychiatric Clinics of Farabi Hospital, Kermanshah, Iran. Children with other mental disorders such as mental retardation, intellectual disability (i.e., IQ<70), pervasive developmental disorder, seizure, and urinary tract infection/disorders were excluded from the study.
The diagnosis of ADHD was confirmed by an experienced child and adolescent psychiatrist according to DSM-IV-TR [27] and the ADHD rating scale (ADHD-RS). [28] The ADHD-RS includes 18 items that each shows one ADHD symptom according to DSM-IV-TR criteria. It may be used for ages ranging from 5 to 18 years and is useful for differentiation of ADHD and healthy children, and differentiates attention deficit symptoms from hyperactivity and impulsivity symptoms. The ADHD-RS has been used extensively in Iran and the reliability of this instrument showed alpha Cronbach's as 0.81. [28] NE was defined as nighttime wetting with or without daytime incontinence, at least twice a week over a period of 3 months or longer in children 5 years old and older without anatomical abnormalities. NE was diagnosed by a pediatric urologist and was examined by urinalysis, renal sonography, and interview with children and their parents. Details on demographic data, perinatal history, medical history and developmental history were collected from parents or medical records.
Statistical analysis
Statistical analysis was conducted using SPSS version 19.0. The Student t-test and χ2 test were used to compare the variables between the groups. A p value of less than 0.05 was regarded as significant. 
Results
During the 11 month study period, from 344 children with ADHD, 13 children were excluded from the study and the 331 remaining children with a diagnosis of ADHD were enrolled in this study. Mean (sd) age of study participants was 7.9 (1.3) years (range 6-11 years) and 205 of them were boys. A total of 49 children were diagnosed with the inattentional subtype (14.8%), 104 with the hyperactive/impulsive subtype (31.4%) and 178 with the combined subtype (53.8%) according to the DSM-IV-TR criteria ( Table 1 ). The prevalence of NE among the 331 children with ADHD was 33.5% (111/331). So, we divided the children with ADHD into two groups according to presence of NE and assessed risk factors between the two groups.
The mean (sd) age of ADHD diagnosis was slightly higher in the NE group, but did not reach statistical significance (5.7 (1.9) in NE group vs. 5.2 (1.9) in non-NE group; p=0.055, t=2.48). Furthermore, compared with the non-NE group, significantly more children with NE were boys (p=0.007, t=7.28).
Among children with enuresis, there was a significantly higher rate of history of familial enuresis (26% vs. 18 %, p<0.001, t=16.9), cesarean delivery (47% vs. 33%, p=0.019, t=5.84) as well as history of neonatal sepsis (16% vs. 7%, p=0.018, t=5.62) compared to non-NE children. Moreover, patients with NE had a lower birth weight than non-NE patients (2.93 (0.65) vs. 3.09 (0.46), p=0.026, t=2.51). Regarding parents education level, our results showed that low parental education was associated with increase in the rate of NE (p<0.001, t=56.17) ( Table 2) .
There was a significant difference between the non-NE and NE groups with respect to ADHD subtype. Most of the ADHD patients with inattentional subtype (38/49 patients (77.5%)) had NE, compared to 33/104 patients (31.7%) in hyperactive/Impulsive and 40/178 patients (22.5%) in combined subtypes (p<0.001, t=42.7) ( Table  2) .
There were no significant differences in terms of gestational age at birth, history of neonatal icter, and motor or language developmental delay, between the NE and non-NE groups. Furthermore, the rate of Ritalin use was more among non-NE children compared with NE, however, this difference did not reach statistical significance (49% in NE group vs. 59% in non-NE group; p=0.084, t=2.99) ( Table 2) .
Enuresis was most common in children 7 to 9 years of age. Incidence of NE was the following: children aged <7 years, 52 children (46.8%), aged 7-7.9 years, 20 children (18%), children aged 8-8.9 years, 26 children (23.4%) , children aged 9-9.9 years, children aged >10 years, only 8 (7.2%) and 5 (4.5%) children had enuresis, respectively.
Discussion
Main findings
The aim of this study was to better understand the correlation between nocturnal enuresis and ADHD as well as the risk factors of NE in children with ADHD. Comorbidity of ADHD and nocturnal enuresis has been shown in several studies. [9] [10] [11] [12] [13] In our study, the prevalence of NE in children with ADHD was 33.5%. This is roughly in agreement with other studies which reported 32% and 28.3% prevalence rate of NE in children with ADHD. [9, 10] The exact pathogenesis of the high incidence of NE in ADHD children is not clear. It has been suggested that delay in maturation of the central nervous system could account for the association between enuresis and ADHD. [18] [19] [20] Also, a brainstem inhibition deficit in children with enuresis, could explain why they are unable to remain dry at night. [18] Several previous studies have suggested that primary NE happens when a child with ADHD can't wake up when the urinary bladder is full or be awake enough to get up and go to the toilet when there is an urge to urinate. [19] [20] [21] In our study, most of the enuretic children were 6-8 years old. In a study of the prevalence of ADHD in enuretic children in Belgium, the older children (9 to 12 years), had a higher prevalence of ADHD. [21] However, in a study by Yang et al in Taiwan, the mean (sd) ages of enuretic and nonenuretic children with ADHD were 7.53 (1.06) and 7.26 (1.03) respectively, which was not a statistically significant difference (p=0.04). [9] Yang et al found no association between NE and birth weight, gestational age, type of delivery, neonatal icter, and maternal education in children with ADHD. [9] However we found a significant correlation between birth weight as well as type of delivery and NE in ADHD. Our data revealed that children with NE had lower birth weight than non-NE children, and also, children who were given birth by caesarian had a higher risk for developing NE. It has been shown that low birth weight was significantly associated with delay in achieving all developmental milestones including walking alone, meaning speech, and bedwetting cessation. [29] We also investigated the correlation between parental education and NE and concluded that the lower parental educational level was associated with higher prevalence of NE in ADHD children. 77 (35) 99 (45) 42 (19) 18 (16) 33 (30) 59 (53) 1 (1)
In our study, children who had a history of neonatal sepsis had a higher risk for developing NE compared with children without a history of neonatal sepsis. Although the association of neonatal sepsis and NE is not clear and the origin of sepsis in our cases was unknown, some studies showed that a history of infection, especially urinary tract infection, was significantly associated with NE. It may be due to the negative effects of infection on the lower urinary tract. It has been shown that vesicoureteral reflux (VUR) might be more frequent in children with NE with intermittent daytime incontinence. [30] In the present study, a meaningful association was seen between family history of NE and developing NE in patients with ADHD. This may indicate the role of genetics in NE in children with ADHD. Norgaard et al., in their review reported that when both parents were enuretic as children, their offspring had a 77% risk of having nocturnal enuresis. The risk was 43% when one parent was enuretic and 15% when neither parent was enuretic.
[31] Furthermore, Bailey et al., reported a positive family history enurenesis in 65-85% of children with NE. If the father or the mother was enuretic as a child, the relative risk for his/her child was 7.1 and 5.2, respectively. [32] In addition, certain chromosomal loci (5, 13, 12, and 22) have been implicated in nocturnal enuresis, [33, 34] of which suggestive linkage to chromosomes 12 and 13 were shown in children with ADHD. [35] In our study, 77.5% of ADHD children with inattentional subtype had NE, compared to 31.7% in the hyperactive/Impulsive subtype and 22.5% in the combined subtype. Baeyens et al showed that 15% of all enuretic children were diagnosed with the full syndrome of ADHD, an additional 22.5% and 2.5% met the DSM-IV criteria of the ADHD predominantly inattentive and predominantly hyperactive impulsive subtypes, respectively. Their study revealed a brainstem inhibition deficit in children with enuresis, which could explain why they are unable to remain dry at night. When additional attention is allocated to specific trials in the task, children with attention deficit hyperactivity disorder of the predominantly inattentive subtype, failed to optimize sensory gating. With respect to enuresis, this could result in an identification problem of bladder signals, leading to an inadequate or absent arousal effect in attention deficit hyperactivity disorder of the predominantly inattentive subtype. 
Limitations
The main limitation of this study is that the findings were based on interviews with children and their parents and in using this retrospective method some details may have been overlooked.
Implications
The investigation of the risk factors of NE in patients with ADHD provides useful information about neonatal, familial and environmental factors oaffecting the prevalence of NE in ADHD patients.
Conclusions
Children with ADHD have a high prevalence of NE. factors like male sex, low educational level of parents, history of neonatal sepsis, positive family history of NE, low birth weight and caesarian delivery may be risk factors for NE in ADHD children. Most of the children diagnosed as having ADHD inattentional subtype had NE.
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